During a lactoperoxidase-catalysed iodination study of the topographical distribution of proteins in isolated rat liver nuclei and nuclear envelope, it was observed that the controls without exogenous peroxidase also incorporated lz5I into the proteins, which could be prevented reversibly by 5 m~-2-mercaptoethanol, 5 mM-NaN3, 10mM-KCN and irreversibly by 0.2m~-3-amino-l,2,4-triazole, in the presence of 40p~-H,O,. Endogenous peroxidase activity has been demonstrated cytochemically by Strum & Karnovsky (1970), who showed a wide subcellular distribution of theenzyme in thyroid follicular cells. We here report on the distribution and activity of a peroxidase found in subcellular fractions from rat liver.
membrane in homogenization medium (nuclear envelope was in 10mM-Tris/HC1, pH7.4), 1OOpCi carrier-free Nalz5I (The Radiochemical Centre, Amersham, U.K.) followed by five additions of 3,d of 1 . 2 5~ 1 0 -4~-H z 0 2 at 5min intervals, at 4°C. Incorporated radioactivity was measured by trichloroacetic acid precipitation using the 'disc-batch' method in the presence of 5 0 m~-K '~' I (Hubbard & Cohn, 1975) . The cellulose acetate discs (Millipore AA, 0.8pm) were counted for radioactivity in a Nuclear Enterprises model NE 1600 y-counter. Controls were carried out in the absence of H202. Protein determinations were performed by using the method of Lowry et al. (1951) . Table 1 compares the results of the iodine incorporation assay with those of the spectrophotometric assay. Plasma membrane, released chromatin, mitochondria and the soluble fraction showed no detectable activity. Both assays show very close agreement although the microsomal specific activities were variable, but low enough to be considered as trace contamination by nuclear envelope. This point was investigated further by subjecting the tissue to increasing homogenization, with samples of the total homogenate taken at intervals of 1, 2, 5, 7.5 and 10min. The total microsomal fraction was prepared from each sample, and assayed by the spectrophotometric procedure. Table 2 shows that increased amounts of peroxidase activity were associ-577th MEETING, OXFORD ated with the microsomal fraction as increasing nuclear disruption occurred during homogenization. Treatment of isolated nuclear envelope with 2% Triton X-100 in lOmM-Tris/HCI, pH7.4 at 20°C, resulted in a loss of 95-98% of the membrane lipid and 20% of the protein. The spectrophotometric assay for peroxidase revealed a 4-fold increase in specific activity in the insoluble material pelleted at lOOOOg,,. for lmin (Microfuge B, Beckman Instruments), with up to 2% of the total activity remaining in the Triton X-100 supernatant.
To assess the stability of the enzyme, the Triton X-100-extracted material was resuspended in 10mM-Tris/HCI, pH7.4, and subjected to gentle ultrasonication in an ice-filled water bath ultrasonicator (Brensonic). The activity was decreased to 50 % after 3min ultrasonication and a total loss of activity occurred after 50min. On storage at 4"C, the non-Triton X-100-extracted nuclear envelope lost 86% of its activity in 24h. The pH-dependence of the nuclear envelope peroxidase was determined using a series of lOmM-Tris/HCI buffers over the range pH6.8-8.4, assayed by iodine incorporation, and revealed a pH optimum of 7.9. Maximum activity was observed at a temperature of 43°C.
The present study has shown the presence of a peroxidase in the nuclear envelope of rat liver. Removal of the membrane lipid by Triton X-100 leaves a proteinaceous matrix studded with nuclear-pore complexes (P. Marshall, personal communication ; Dwyer & Blobel, 1976) . It is therefore suggested that the enzyme is located in the inner nuclear membrane/protein matrix or the nuclear-pore complex rather than the outer membrane which is lost on Triton X-100 extraction. The use of the enzyme as a marker has shown that excessive homogenization can give up to 5 % nuclear envelope contamination of the total microsomal fraction. , 1970 ; Milne e t a / . , 1978). The work described in the present communication was carried out in an attempt to account for these variations and thus to establish the most satisfactory envelope-isolation procedure for work on the enzyme in question. Nuclei were isolated from fresh sheep liver essentially by the method of Blobel &Potter (1966) and nuclear envelopes by the method of Harris & Milne (1974) ; the latter procedure gives ultrastructurally well-preserved envelopes with high nucleoside triphosphatase activity (Harris & Agutter, 1976; Milne et al., 1978) . The method of Zbarsky et al. (1969) , which also gives high nucleoside triphosphatase specific activities, was avoided because of the low yield of nuclear envelope and the possibility of mitochondrial contamination (Agutter et al., 1977) . The envelopes were then incubated at 5°C in the buffers used in alternative procedures foi isolation of envelopes from nuclei, namely: pH7.5 (Berezneyetal., 1970 ; Monneron e t a / . , 1972). At various times during incubation samples of the envelope suspension were removed and incubated with ~~M -A T P (Sigma Chemical Co., London, S.W.6, U.K.), 2m~-MgC1, and25 mM-triethanolamine/ HCI, pH8.0, for 30min at 37°C t o determine nucleoside triphosphatase activity (Agutter et al., 1977) , the Pi released being determined by the method of Wahler & Wollenberger (1958) . Protein was measured by the modification by Maddy & Spooner (1970) of the method of Lowry et al. (1951) . Fig. 1 shows the time-course of inactivation of the enzyme under the different conditions investigated. It is clear that, although the enzyme is stable for at least 3 h in lOmM-Tris/HCI, pH7.5, replacement of this buffer with Tris/citrate at the same p H or with Tris/HCl at pH8.5 leads to significant inactivation within 1 h. The latter observation is consistent with our finding (results not shown) that envelopes isolated by the method of Kay et al. (1972) contain much lower nucleoside triphosphatase activities than those isolated by the method of Harris & Milne (1974) . In addition, high concentrations of KCI or of MgC1, appear to lead t o marked inactivation of the enzyme over the time-courses involved in the isolation procedures concerned (Franke et al., 1970; Berezney et al., 1970) . In this context, it is noteworthy that we find that
